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Description 
Copyright Notice 

5 [0001] This patent specification contains material that is subject to copyright protection. The copyright owner has no 
objection to the reproduction of this patent specification or related materials from associated patent office files for the 
purposes of review, but otherwise reserves all copyright whatsoever. 

Technical Fleid of the invention 

10 

[0002] The present invention relates generally to printers, and In particular to Ink jet printers. 
Bactcground Art 

15 [0003] Digital image printing systems which use multiple ink nozzles integrated within a print head have increased 
rapidly in popularity in recent years. Either at manufacture, or during operation, the particular printing nozzles within a 
print head can fail to deliver Ink droplets of the required size, or alternatively, with the required positional, accuracy. 
These problems can arise frorn a cornblnatlon of manufacturing flaws/and weau" and tear. In extreme casfs, individual 
nozzles can fall to deliver any ink whatsoever, due to l?elng blocked or danriaged. ^ 

so [0004] Defective nozzles, be they blocked or merely defisctlve in tenfns of their perfomriance,'%n be identified man- 
ually or automatically by examining test print output. 

[0005] Even where nozzles delivery Ink droplets satisfactorily, the nozzles can vary in their characteristics, and pro- 
duce uneven print densities. US Patent: 5,038, 20? entitled "Image Forming Apparatus with a Function for Con-ecting 
Recording Density Unevenness"* describes a method and apparatus related to improving the evenness of print density 

25 ' produced by nozzles of varying characteristics. The patent discloses a printer having a muitl^nozzie prin[ting head, this 
printer also storing data associated with the image-fomning characteristics of each of the multi-nozzle heads. Further- 
more, a con-ector means for ciprrecting the image fomiing signals based upon the; data stored In memory c<mtc 
to the multi-nozzle head characteristics is disclosed. The aforementioned connection is performed elther by retrieving 
a corrected value from a memory, or by retrieving a correction value from a hnemory, and adding the corriectidn value 

30 to the uncorrected image value. In both cases, th e image correction date is atxessed using both the unQprrected image 
value, and a nozzle counter value. This type of correction is known as "head shading"; Headishadihg rriethbds do not, 
however, satisfactorily eliminate print artefacts where a blocked nozzle is present, or where the ink ejection perfonnance 
of a nozzle fails to meet minimum requirements. 

35 Disciosureof the Invention 

[0006] It is an object of the present invention to substantially overcome, or at least ameliorate, one or more disad- 
vantages of existing arrangements. 

[0007] According to a first aspect of the Invention there is diseased an image recording apparatus comprising: 

40 

(a) a plurality of fonning elements for forming an image using Image recording signals, said Image according with 
a corresponding plurality of input image forming signals; 

(b) memory means for storing data for said fomilng elements Indicating the relative desirability of utilising said 
forming elements for fonning the Image; and 

45 (c) image processing means for computing said image recording signals using said input image forming signals 

and said data stored In said memory means, wherein the use of a particular fonriing element is thereby biased 
dependent upon the relative desirability data of other fomning elements, the corresponding input image fomning 
signal for the partteular forming element, and a term for the particular fonming element. 

50 [0008] According to another aspect of the invention, there is disclosed an Image recording apparatus comprising: 

(a) a plurality of fonning elements for forming an image according to Input image fomning signals; 

(b) memory means for storing data for said fomning elements Indicating the relative desirability of utilising said 
fomning elements for forming an image; 

55 (c) image signal modification means for redistributing values of said input image forming signals based on said 

data stored in said memory means so as to bias the use of said forming elements, wherein the use of a particular 
one of said fomning elements Is thereby biased dependent upon the relative desirability data of other forming 
elements, a corresponding input Image fonming signal for the particular fomning element, and a tenn for the par- 
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ticular forming element. 

[0009] According to another aspect of the invention, there is provideda method i in printing an Image, of compensating 
for one or more defective printer nozzles in a plurality of printer nozzles, said method comprising the steps of: 

5 

biasing, for each first Image value associated with a first nozzle, at least one second Image value associated with 
another nozzle, said biasing being dependent upon said first image value and a tenm for said first nozzle; and 
printing the image in accordance with the biased image values, said biasing reducing print artefacts otherwise 
caused by the one or more defective nozzles. 

to 

[0010] According to another aspect of the invention, there is provided a method of printing a multi-level halftoned 
image compri&ing the steps of: 

adjusting a relationship between input image values and corresponding average halftone output values. 
[001 1 ] The biasing of other nozzles can be performed In various ways. This Includes Image value redistribution from 

15 a defective nozzle to Immediately neighbouring nozzles of a same colour. The redistribution can be either partial, being 
constrained by a normal operating range of the neighbouring nozzles, or complete, in the case where neighbouring 
nozzles can support extended range, le "super-intensity" printing. Alternatively, or in addition, cross colour compensa- 
tion can be perfpniried, whereby biasing is perfonried with respect to a coto^ of a different colour. The 
increased range of super- intensity Image values can be cbmpensatedi for b^ mapping, in par- 

^ ticutiar, baised gpoh checlcerboard quaiitisaiton . In theevent that biased irnages are subsequent haiftohed; £i transfer 
functlbn between input Irriage values and correspdndihg: average hia^dhe dutpiit valueis can be adjuste in order to 
tune utilisation df super-intensity printing; 

[001 2] According to another aspect of the invention, there is provided an apparatus for implementing any one of the 
aforementioned; methods. 

25 ' [0013] According to another aspect of the invention there is provided a computer program product including a com- 
' puter readable mediurti having recorded thereon a computer program for Inhplemehting any one of the methods de- 
scribed above. 

Brief Descrlpitibn of the Drawings 

30 

[0014] A number of preferred erhbodirnents of the present inyentipn will how be described .with reference to the 
drwivlWgs, in Which: 

Fig. 1 depicts a prior art halftoning arrangement; 
35 Fig. 2 illustrates a prior art unevenness correction, and halftoning anrangerhent; 

Fig. 3 shows the unevenness correction process in Fig. 2 in more detail; 

Fig. 4 depicts an arrangement for defective nozzle compensation in accordance with a preferred embodiment of 
the present Invention; 

Fig. 5 shows a full-width fixed head printer whereupon the arrangement In Fig. 4 can be applied; 
40 Fig. 6 shows a shuttle-head printer, to which the an^angement in f^lg. 4 can be applied; 

Fig. 7 illustrates redistribution of image values from a defective nozzle to neighbouring non-defective nozzles In a 
first embodiment of the invention; 

Fig. 8 shows a process for redistribution of image values in accordance with the arrangement illustrated in Fig. 7; 
Fig. 9 illustrates a pattem of printed dots in a single colour which is output by the arrangement In accordance with 
Fig. 7; 

Fig. 10 shows defective nozzle compensation using cross-colour compensation according to a first embodiment 
of the present invention; 

Fig. 11 provides an example of printable dots-per-nozzle for a pixel in accordance with a second embodiment of 
the present Invention; 

50 Fig. 12 illustrates "^ull" paper coverage by dots of a single colour both with and without defective nozzles being 

present; 

Fig. 13 shows the application of quantisation correction In a prefen-ed embodiment of the present Invention; 
Fig. 14 illustrates tuning a three level halftone error diffusion transfer function; 
Fig. 15 depicts a process for printing a halftoned image using a tuned error diffusion table; 
55 Fig. 16 depicts a prior art error diffusion an^angement; 

Fig. 17 shows an untuned 3 level halftone error diffusion table: 
Fig. 18 shows a tuned 3 level halftone error diffusion table; 

Fig. 19 depicts a general purpose computer upon which preferred embodiments of the Invention can be practiced; 
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and 

Fig. 20 depicts a block diagram representation of an apparatus for redistribution of innage values from a defective 
nozzle to neighbouring non-defective nozzles 

5 Detailed Description Including Best Mode 

[0015] Where reference Is made In any one or more of the accompanying drawings to steps and/or features, which 
have the same reference numerals, those steps and/or features have for the purposes of this description the same 
functlon(s) or operatlon(s), unless the contrary Intention appears. 
10 [001 6] The principles of the preferred methods described herein have general applicability to printing devices which 
have a multiplicity of print-fomning means Integrated into a single printing head. However, for ease of explanation, the 
steps of the preferred methods are described with reference to ini< jet printers, it is, however, not Intended that the 
present invention l)e iirhited thereto. 

[0017] Arrangements of the present Invention are applied to imajge. printing systems, having recording heads each 
IS of which has an array of recording elements, and which uses data describing defective recording elements in orderto 

provide an improved printer output. For ease of Illustration, the description Is directed to multiple print heads each 

having a linear array of InkJet nozzles, however the embodiments can be extended to other types of printing systems. 

[0018] A common aspect of the apparatus and methods encapsulated In the described embodiments is the use of 

defective nozzle data. This is used for risducing the use of defective nozzles, and for con^espo^dingiy increasing use 
20 of non-defective nozzles which print In the vicinity of the positions at which the defective noz^s print This has the 

effect of reducing print artefacts caused by the defective nozzles. Where inter-nozzle spacing is sufficiently small, the 

aforementioned redistribution of nozzle use, or "cross-nozzle" compensation, results insignificant reduction in artefacts. 

Accordingly, print heads which are either manufactured with defective nozzles, or which develop defective nozzles 

over time, can continue to be used while producing good quality output. 
25 • [001 9] One approach for providing cross-nozzle compensation is to reduce image values associated with defective 
' nozzles, correspondingly increasing the image values associated with, neighbouring, non-defective nozzles. This can 

be achieved by a image redistribution process which is further described in relation to the first and second embodiments 

(eg see Figs. 4 and 9). In colour printing, an additional approach for providing crbss-nozzlecompensation is available. 

This is to compensate fpr a defective nozzle of a first colour component by increasing an image value associated with 
30 a corresponding nozzle of a second colour, ie one which prints at the same position as the: defective noZiZie. This is. 

described further with respect to the first embodiment (eg see Fig 9). 

[0020] In a first arrangement, image value redistribution is perfoniied in a manner which restricts the redistribution 
so that resultant image values of the receiving nozzles (ie., the neighbouring nozzles), remain within their "normal" 
range. The "normal" range of a printer nozzle is considered to be that range whfch^ during nomial operation, supports 

35 the printing of intensity values between "0" and "maximum", or in 8-bit numeral terms, between 0 and 255. In the first 
embodiment, since there is a restriction on the amount of error whiiph can be redistributed to neighbouring nozzles, in 
general the complete image value assigned to a defective nozzle will not always be able to be completely redistributed. 
This can be overcome, by using the residual, Ie undistributed, image value to perform compensation by manipulating 
the image values of other colour components. 

40 [0021] In a second arrangement, image value redistribution is perfomned In: a manner which allows the receiving 
nozzles to exceed their normal range, and an Increased, ("superintensity") ink ejection per colour component per pixel 
is pemnitted, beyond that which is required to provide normal full ink coverage of the paper. The second embodiment 
also discloses a method of tuning how often the superintensity ink ejection is provided. 

[0022] in an ink-Jet printer, Image data is typically converted to nozzle firing control data. The image data is typtoalty 
45 multi-tone colour data which must be converted into nozzle firing data in order to control the ink ejection of the nozzles 
of the print heads. 

[0023] The nozzle firing data for a multi-tone colour image can be considered as a colour image with a reduced 
number of colour intensity values per pixel. The process of detemnining image data with a reduced number of intensity 
values per pixel is referred to as "halftoning". 

50 [0024] For ease of explanation, a rectangular array of pixels is assumed, with each pixel having an Intensity value 
for each one of the colour components Cyan, Magenta, Yellow and Black. Equivalently, the multi-tone colour image 
can be considered as a set of four rectangular an^ays of intensity values, one array per colour, each an^ay having the 
same physical dimensions, intensity values are represented as 8-bit numbers, having a value In the range of 0 to 255. 
Value 0 corresponds to a minimum colour density (i.e., no deposition), and the value 255 con-esponds to a maximum 

55 colour density (i.e., full ink deposition). 

[0025] Nozzle firing data is generated from the aforementioned image data, and comprises an array of nozzle firing 
values, one array for each colour component. 

[0026] Again for ease of explanation, for each colour component, the dimensions of the nozzle firing array are as- 
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sumed to be the same as the dimensions of the con-espohding array of multi-tone image intensity values. Accordingly, 
it is assumed that there is a one-to-one correspondence between multi-tone image pixels, and positions in a nozzle 
firing array, so that the description is not burdened by spatial resolution conversion issues. In the event that nozzle 
separation in a print head is different to the input image pixel spiacing, image values for nozzles can typically be derived 
5 from pixel image values by interpolation, or by resolution conversion algorithrns. Aftersuch conyerslbn, defective nozzle 
compensation can then be applied to the nozzle image valuesV 

[0027] Typically, for each colour component, th^re is one nozzle firing position. for. each position In a nozzle firing 
array. This lis not always the case however. For example, in the second embodiment, there are two nozzle firing positions 
corresponding to each position in a nozzle firing array^ 
10 [0028] In the first arrangement, each nozzle firing value is a 1-blt number, where the value "0" indicates that ink 
should not be ejected for that position In the nozzle firing an^ay, and a value/l" indicates that ink should be ejected. 
In the second embodiment, each nozzle firing value may be 0, 1 or 2. this value Indicating the number of ink droplets 
to be elected for thsa position in the nozzle firing ariiay. 

[0029] Fig. 1 depicts a prior art halftoning arrangement. A multi-tone 8 tMt lnriage value 100 Is Input into a halftoning 
13 process 102, which produces a nozzle firing value 104. The halftoning process is often described as a "blnarisation" 
process, since in the present case It generates data describing whether a nozzle should fire or not at each nozzle firing 
position. Halftoning may beperfontied by error diffusion or dithering, and typically.; eadh colour com lialftoned 
Independently. 

[0030] In Fig. 2 the Srblt multi-tone image array value 1 00 Is processed by an uneven nessjx>rrection process 200 
20 priortb the halftoning process 102. This.optional prior art anrang^rtient is d^ribed in the cltecl?U.S Patent 5.038^208. 
[0031] Fig. 3 provideis more detail about the aforeniGintionied uhevennesscb^ process. Each nozzle Is asso- 

ciated with a curve which characterises its performance. This curve is a rnapplhg, for each nozzle, from an uncorrected 
8-bit Image value, to an uhevenness-corrected 8-bit inriage value. A nozzle counter value 300 is used to retrieve a 
curve value from a nozzle curve tabie 302; The curve value 304 which is selectedandou^utisprocessed in accordance 
25 ' with the 8 bit multi-tpne iirriage array value i 00 In a curve table process 366:lTiispr<k;ess anunevenhess 
' " corrected iriiage:;yalue^^^^ 

[0032] Fig. 4 Illustrates a defective nozzle compensatton arrangement. Tlie; 8; bit multi-tone:!^ array value 100 
Is input into a defective nozzle compensation process 400. This proems 40b;6utputs a redistribute irhage value 402. 
This redistributed value 402 has the same precision, lie., 8-bits, ias the multi-tone image array value 100. Thereafter. 

30 the redistributed image value 402 is input into an unevenness correction process 200. and subsequently, into the 
halftoning process; 1 02, in order to produce thefinail processed nozzle firing ari^yvalu 1 04. It is noted that the defective 
nozzle comperisiatidh prc©^ 266. and prior to tile half- 

toning process 102. Altemath^ely, defecth/e nozzle compensation 400 can be perfonrhed prior to the halftoning process 
1 02, and the unevenness correction process 200 can be omitted. 

35 [0033] Fig. 5 illustrates a full-width fixed head printer, in which a sheet of paper 500 having a width 502 and being 
fed in a direction depicted by an arrow 504 passes beneath a full width print head 506. A segment 514 of the stationary 
print head 506 Is shown in more detail in an Inset 508. where it is seen to comprise a plurality of Individual print nozzles 
510. A print head for each colour component is provided, each of these heads being oriented at right angles to the 
paper feed direction depicted by the an^ow 504. The print head 506 is fixed, and Ink Is ejected from each of the print 

40 head nozzles, e g , 510, while the paper Is advanced undemeath the print head. An entire row (I.e., scanline) of the 
image is printed at a time. An individual printer nozzle, e.g., 510. is restricted to printing dots of a column of pixels, 
since the print head 506 is fixed In position. 

[0034] Fig. 6 Illustrates a shuttle-head ink jet print system, in which a sheet of paper 600, having a width 602, is fed 
in a direction depicted by an arrow 604. A shuttle print head 612 moves at right angles across the paper 600, as 

45 depicted by a bi-directional arrow 610. A segment 620 of the print head 612 Is shown in more detail 606 in an inset 
618. This shows that the print head 612 comprises a plurality of Individual printer nozzles 608: A print head 612 is 
provided for each colour component, and each print head 612 is oriented parallel to the paper feed direction as depleted 
by the arrow 604. The print heads 612 move over the paper at right angles 612 to the paper feed direction 604^ with 
ink being ejected from the print head nozzles 608 while the paper 600 is stationary, and the print heads 612 are per- 

50 fonning a shuttie scan across the page 600. A band of scanlines Is printed in one pass of the shuttle print heads. The 
width of the band of scanlines printed In a single pass of the shuttle print head 612 Is restricted by the length of the 
print head 614. In any given pass of the shuttle print heads, an Individual nozzle, 608 is restricted to printing dots of a 
partteular scanline (i.e.. a row) of pixels. Between passes of the shuttle print head 612, the paper 600 Is advanced In 
the paper feed direction 604, so that successive bands of scanlines can be printed. Typically, to reduce printer artefacts 

55 due to nozzle inconsistencies, the paper 600 is advanced in a direction 604 by only a fraction of the length 61 4 of the 
- band of scanlines printed by one pass of the shuttle print head. In this manner, each scanline is printed using multiple 
passes of the shuttle print head 606. Dots of a colour component of a scanline are accordingly printed by a different 
nozzle of the same print head for each pass. 
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[00351 >n both styles of printer, i.e., the full-width fixed head printer (see Fig. 6). and the shuttle-head printer (see 
Fig. 6). the relative movement between the print heads (506. 612) and the. paper (500, 600) is at right angles to the 
respective print head. Each nozzle (51 0. 608) prints a line of dots: Neighbouring nozzles print neighbouring linesof dots. 
[0036] Fig. 7 Illustrates image value distribution from a defective nozile to neighbouring non-defective nozzles. A 

5 line of nozzles 700 to 702 within a print head (not shown) is depicted. A defective nozzle 704 is indicated by an "X" i. 
e., 706. A line of rectangular pixels 708 to 71 0 is shown adjacent to the line of nozzles 700 to 702; The afoi-ementloned 
representation Is equally applicable to a full-width fixed head printer, and to a shuttle head printer arrangement. A graph 
with axes of image, value 712 against pixel number 714 illustrates a desired sequence of descending image values 
716 to 724. These are the assigned image values which are desired to be printed by the print head. Since the nozzle 

10 704 Is defective, the desired Ihiage value 720 cannot be printed. The graph of actual Image value 726 against pixel 
number 728 illustrates the actual printed image values after image value redistribution, it is noted that the Irhage value 
730 which corresponds to the defective nozzle 704 has a 0 image value. wh\\B the Immediately neighbouring pixels 
have image values 732 and 734. these having being increased In order to compensate for the 0 Image value 730. The 
result of redistributing the Image value from the defective nozzle 704 to the neighbouring nozzles 736 and 738 is that 

15 dots which would othenwise have been allocated to the defective nozzle, were it not defective, are instead printed by 
the nozzles 736. 738 which are situated on either side of tfie defective nozzle 704. 

[00371 8 shows a process for redistribution of Image values In accordance with the an-angement described in 
regard to Fig. 7, In a first step 1802 of the process 1800, data corresponding to relative desirability of using various 
fomiing elements are determined and stored. Thereafter, in a step 1 804. an Input Image signajltor a cun-ent nozzle Is 
20 Input. In afollowing decision step 1806, a detemriiriation in m 

forthe current nozzle, whether bias is r^^ 1800 is directedin accordance 

with a "yes" arrow to a step 1808 in which an input image signal for another nozzle is input. In a following step 1810, 
some or all of the input image signal for current nozzle is distributed to the pthef nozzle, ie 

the cun:ert nozzle Is added to the iripirt the current nozzle 

25 ' is fired, thereby distributing Ink In accordance with redistributed sigrial upon the printing medium. In a following step 
' M 81 4 , an Index for the cun-ent nozzie is Incremented, after which the process 1 800; is retiirned; ?0: me step 1 804. Re- 
turning to the deqsion step 1 806r if the decfeion step deterrnines ithat bias is not after iail require then the process 
1800 is directed in accordance with a "no^ ar^row to the step 1812, which fires the Gurrem nozs^^^^^ 
Initial step 1 802, in which relative desirability d^a for the various fontilng ejementsiare stored, Is perfon^ 
30 outset of the process 1800. 

[0038] f^lg. :9 deiifefeipatterils pt^ 

a nozzle firing array. Dots can be printed at positions pn a rectangular grid 800, which consists of vertical grid lines • 
804 and horizontal grid lines 802. In the figure, dots have been shown In outline only. eg. 806, so that the pixel grid 
800, remains visible. The rectangular grid 800 allows for one dot per grid position. All dots of a particular grid column 

35 are printed by the same nozzle. In the figure, a hozzle corresponding to the centre column of pixels 81 2 is defective. 
The illustrated dot outiines correspond to a hozzle firing value array generated using defective noZzle compensation 
by image value distribution, followed by halftoning, for an image region of near 50% intensity. As a result of the defective 
nozzle compensation by image value distribution, no dots are printed In grid column 812. and accordingly, additional 
dots 808, 810 and 811 are printed In the neighbouring grid columns. Due to the additional dots 808, 810 and 811, 

40 average Ink deposition near the blocked nozzle Is not reduced, and accordingly, the 50% Intensity of the image values 
Is reproduced In the average Ink deposition. Advantageously, this desired average ink deposition is maintained with 
reduced print artefacts due to the defective nozzle. This advantageous perfomnance is maintained both where the 
defective nozzle is blocked, or altematlvely. where it Is defective and, for example, ejects Ink unreliably, too far to one 
side or the like. 

45 [0039] A C programming language code fragment is now presented In relation to a first embodiment of the present 
Invention, i.e., defective nozzle compensation by restricted image value redistribution for a full-width fixed head printer. 
For ease'of explanation, it is assumed that (1) there is one nozzle per pixel of a scanline, and (li) the defective nozzle 
data consists of a one-bit value for each nozzle, indicating whether or not the associated nozzle Is defective, and (iii) 
Image intensity Is redistributed using only nearest neighbour nozzles, I.e., pixels. 

50 



55 
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clamp_val = 255; 
/* ■ 

The following processing is performed one pixel at a time 

(ie one nozzle at a time) 

from the first pixel of a scanlinie to the last. 



EP1 157 840 A2 



If the current pixel's nozzle is defective 
and the next pixel's nozzle is not defective 
then distribute as much as possible of remaining intensity 
of current pixel to next pixel 
*/ 

if (defectivein] && !defective[n + 1]) 
{ 

oldjval = image[n + 1]; 

new^val = lmage[n + 1] + Imagetn]; 

if (new_val > clamPiVal) 

{ 

new_yai = clamp^val; 

iriniage[n + 1]>ne\A0^ 
irnage[n] -= new_val - old_val; 

> 

if the current pixel's nosle is not defective 
and the next pixel's nozzle Is defective 
then distribute as much as possible of half intensity 
of next pixel to cun-ent pixel 
*/ 

if (!defective[n] && defectivetn + 1]) 
{ 

old_val = imagetn]; 

new_val = image[n] + image[n + 1] / 2; 

if (new_yai > clamp_yal) 

{ 

new^val = clamp_val; 

} 

image[n] = new_val; 

image[n + 1] -= new_val - old_val; 

} 
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[0040] Prior to image value re-distribution, the 8 bit image values fall into the range 0 to 255, and accordingly, image 
values of 0 and 255 represent an unbiased operating range of 0% and 100% respectively, The above code associated 
with the first embodiment restricts the dynamic range after re-distn'bution to the same range lie 0 to 255, and accordingly, 
image values of 0 and 255 represent a biiased operating range of 0%.and 1 00% respectively. - 
5 [0041] It is found, for the case where nozzle separation. Is equal to 1/600 of an inch, that restricted image value 
redistribution as described above significantly reduces streaking artefacts which typically occur in the presence of a 
blocked or non-firing nozzle. 

[0042] When the image region to be printed consists of a constant image value which is less than or equal to (2/3) 
*255, alt of the image value of the non-firing nozzle Is, by virtue of the aforementioned Image value, able to be distributed 
10 to immediately neighbouring nozzles. For such Image regions, defective nozzle compensation using restricted Image 
value redistribution as described previously, provides a clear reduction In the streaking artefact which typically occurs 
as a consequence of a non-firing nozzle. 

[0043] In contrast however, where the Image region to be printed consists of a constant Image value greater than 
(2/3) *255i then some of the image value of the non-firing nozzle is unable to be distributed to its immediately neigh- 
's bouring nozzles. In such cases, a streak due to the non-firing nozzle Pemains visible even after defective nozzle com- 
pensation using the restricted Image value redistribution as disscribed: 

[0044] In summary, defective nozzle compensation using restricted Image value redistribution is limited by the range 
restriction of the Inrtmediately neighbouring print nozzles. This means that a residual image value, equal to the amount 
whteh i^uld notbe fedlstributed^is "r^^ ' ^ 

20 [0045] The concept of image redistribution can, however, be extended as urill now be .desojlbed. In a multi-colour 
printing an^ngementi ttie afb^^ inriage value, ie. the vaiue which cahnot be redistributed to imme- 

diately neight>ouringn6izles, can nonetheless be used for "cross-colour^ compiBiiSati oh. Gross-colour compensation 
relates to the fact that print artefacts which may normally be produced as a result of a blocked nozzle of a first colour 
componeriti jbari o^en.te^^^ printing dots of another cotour component, in the area where dots of the first 

25 ' colour component dire missing. In other words, cross-colour compensation is the use of other colour components to 
' reduce aitef acts; duO to defect^^ 
[0046] Fig. tO.shows how defective nozzle corhpehsation using restricted Image value redistribution ais previously 
described can be extended to incorporate cross-colour compensation for the Cyati and fiilagenta colour components 
where either, or both the print heads associated with Cyan and Magenta may have blocked nozzles. Fig. 10 shows an 

30 8-bit Cyan image array value 900 being input into a restricted image value redistribution proces3 902. Similarly, an 
8-bit Magenta image array value 910 is input into a restricted image value redistribution process 
8-bit redistributed irriage values 904 and 914 respectively are fed into a cross^lour cOnnperisatlon prbce^ 906. The 
cross-colour compensation process 906 makes use of cross-colour compensiatlon to correct for artefacts caused within 
each of the Cyan and Magenta images, resulting from respective blocked nozzles in each separate print head. The 

35 cross-colour compensation process 906 outputs an 8-bit Cyan nozzle compensated image value 906, and an 8-bit 
Magenta nozzle compensated image value 916. 

[0047] The processing perfonned In the cross-colour compensation process 906, this being periomned on a per pixel 
basis for both Cyan and Magenta, Is described In the following C language code fragment: 



r 

if Cyan nozzle is defective and Magenta nozzle is not defective 
then augment the Magenta image value 
V 

if (cyan_defective[ri] && !magenta_defecHve[n]) 
{ 

new_val = magenta[n] + f 1 * cyan[n]; 
if (newjval > 255) 
{ 

new_va! = 255; 

} 

niagenta[n] = nevv_yal; 

} 

55 

r 

if Cyan nozzle is not defective and Magenta nozzle is defective 



45 



so 
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then augment the Cyan image value 
*/ 

if (!cyan_defective[n] && magenta_defectivetn]) 
{ 

new_val = cyan[n] + f2 * magentatn]; 

If (new val > 255) 

{ 

new_yal = 255; 

} 

cyan[n] = new val; 
} " 

[0048] The aforementioned C code provides Magenta colour compensation for a defective Cyan nozzle, or vice 
versa, on a per pixel basis. The values of the parameters f 1 and f2 are detemnined by experiment. For 600 dots per 
Inch (dpi) printing, values ft and f2 equal to 0.2 provide good reduction of streaking artefacts- due both to (i) a non- 
firing Cyan nozzle in an image region of high Cyan and low Magenta values, and (II) a non-firing Magenta nozzle In an 
image region of low Cyan and high Magenta values. ^ 
[0049] Since the Cyan/Magehta cross-colour compensation for a non-firing Cyan nozzle is/%ffeotive in: high Cyan 
image regions, and since restricted infiag^ value^d effective for inriag^ regions up td 2/3 ma^ image 

value, it is seen that these two methods cprripllment each other. Accordingly^ for 600 dpi printing, the combination of 
restricted Image value redistribution, followed by Cyan/Magenta cross-co^ a good reduction 

In streaking artefacts due to either ablck^)<#d: 6^ nozzle or a blocked Magenta nozzle- over mbst of the printer gamut 
[0050] A second arrangement is noW fiiroposed to. improve the effectiveness bf defective nozzle cornpehsation by 
^ image value redistribution, this tim^ through the use of print systems which can eject more ink per nozzle than is. 
typically required to achieve a full ink coverage of the paper. In other words, thl^ embodiment relates to extending the 
range of a print nozzle beyond the 0-255 nonnal boundaries. This type of printing will hereafter be referred to as super 
output intensity printing. 

[0051 ] Fig. 11 shows an example of dots printable per nozzle per pixel for a single colour component for super putput 
intensity printing. Apixel grid 944 cpmpi^ pixel sep^ 

aration of 1/600 inch in both directions 948. Super output intensity printing, however, enables dots to be printed with 
half the aforementioned separation, ie., 1/1200 inch, as shown by dots 950, 952, which are separated by 1/1 2Q0 inch 
as indksated by arrows 940, 942. In the present example, print nozzles are separated by 1/600 inch along the print 
head, however each nozzle can fire twice during relative movement of the head and the paper, through 1/600 inch. 
[0052] Nozzle firing data associated with pixels to be printed t^an be represented as an array for each colour com- 
ponent, the array comprising values in the range 0 to 2. Each value thus represents nozzle firing data for a particular 
colour component, and for a particular pixel. The value (ie. halftone output level) "0" corresponds to no dots printed 
for the pixel; value "1" corresponds to 1 dot printed for the pixel, and the value "2" corresponds to 2 dots printed for 
the pixel. Since the print system is designed to achieve full Ink coverage of the paper by depositing 1 dot per pixel, 
position 946, and the print system is able to eject two dots per pixel position, it is possible to ensure that the average 
volume of ink deposited in the vicinity of a nozzle is not reduced when a single nozzle is not firing. 
[0053] Fig. 12 shows a pixel grid 1 1 04 fully covered, In the Ideal situation, by individual dots 11 02. in the event that 
a print nozzle is blocked, and thus unable to fire in a column depicted by an arrow 1108, super intensity printing is used 
to produce additional printed pixel dots 1110, thus maintaining the required average ink deposition in the region of the 
unprintable column 1108. The actual printed dot pattem 1106 is an approximation to the desired printed dot pattern 
1 1 00. Super intensity output printing also takes advantage of the fact that printed dots typically swell when they overiap, 
and consequently, in super intensity output printing 1106, Increased dot swelling can be expected in the region of the 
super intensity output dots 1110, thereby reducing the area of paper uncovered by ink 1108. 

[0054] Fig. 12 describes a particular method of perfonming super output Intensity printing, this being by ejecting an 
extra ink droplet per pixel per colour component. This is depicted by overiapping dots 950, 952 having a spacing half 
the nomriai spacing 940, 942 (see Fig. 11). . 

[0055] Alternatively, more than one extra droplet per pixel position may be ejected, larger Ink droplets may be ejected, 
or a combination of the aforementioned methods may be used. 

[0056] The use of super intensity output printing results in full, or complete image value redistribution. This differs 
from restricted image value redistribution, in that the redistribution is not limited by the nonnal range of the pixels 
receiving the redistributed image values. The image values of the receiving pixels can accordingly be increased beyond 
their nonnal maximum boundary values. Assuming that (i) there is one nozzle per pixel of a scanline, (ii) defective 
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nozzle firing data consists of a 1 bit value for each nozzle, indicating whether or not the associated nozzle Is defective, 
and (iii) image intensity is riedistributed using only nearest neighbour pixels, then the G code relating to restricted image 
value redistribution which has been provided is applicable, except that the value used to ciamp; resulting image values 
is changed to 510 (ie... twice the normal level of 255, and accordingiyi image values of 0 and 51 0 represent a biased 

5 operating rangei of 0% and 200% respectively); Gh/en this hew. claniping yalMe, and where there is. a single defective 
nozzle, the total ininage value associated with the defective nozzle can bie redis^^ pjxelis corresponding to 

neighbouring nozzles. The image V wjli how fall in a range of 0 to 510. which requires 

9 bits for representatibn> Accordingly, the prigihai 8 bit Input image value, eg. 100 ih Fig. 1 , has now been increased 
to a 9 bit Image value after full image value redistribution. It is desirable to map the resultant 9 bit image values back 

10 to the original S bit clynW^ in order to avoid modifying one or more of the uneyenness con-ection process 200 , 

and the halftorilhg process; 102 (see Fig. 4). In particular, if the nunniber of bits required to represent Image values input 
to the uneveiiness <^iTection process. 200 Is increaseid from 8 to 9 bits, then that process 200 requires either a two- 
fold increase In th€i siz^ otthe curve tables^ or alternatively, mol^e conipiex processing. 

[0057] Fig. 13 shows an 8 bit mutti-tone ihiage array value 1 200 being input into a full Inriage value redistribution 
15 process 1 202, which outputs a fully redistributed image value array 1 204 having a 9 bit range. This output 1 204 is input 
to a checkertDoard quantisation process 1206, which reduces the 9 bit range of Image valueis 1204 back to an 8 bit 
fully redistributed and quantised image value 1208 having a range of 8 bits. The checkerboard quantisation process 
1206 effectively divides the image value 1204. by 2, alternately rounding fractional image values up, or down. The 
rounding lis performed alternately according to a checkerboard pattem. Accordingly. If the sum^pf (i) the pixel scanline 
20 number, and (ii) the pixel position within the scetniine, is even, then the rounding is opposite to d% rounding perfonned 
when the sum is odd. The checkeriaioard quantisation process also includes at least one instance of special case 
processing, this occurring if the input image value is 255, in which case the output Image value Is always rounded in 
the same direction. This special case processing is provided because image regions having an input value of 255, ie. 
the maximum input irnagevaluej should typically result in a halftone ou^ut corresponding to full ink coverage of paper. 
25 ' If this special case processing is hot included, then the resultant halftone output for such image regions is a mix of 
* "'halftone output levels, this rion-unifomi pattern iseing undeeirable fbr Image regions. HaVlhg:a^ miaxinritinni Input 

innage value, -. - 

[0058] The checkerboard quaintisation process 1206, which rescales the range of the ihiage val^ 1204. from 9 bits 
back to 8 bits (1208), provides a number of advantages over simple taincatlon of image values to the most significant 
30 8 bits. Although both checkerisbard quantisation and simple tmncatfon result in a range of 0 to 255 for a pixel, check- 
erboard cjuanti?isrti6h:|^^^^ different resultmg local ay erag^^ image values for pixel? of a region, 
given ah' ihie^e ralgibn 

image whteh Is a gradual blend fronri one image value to another, is represented by a smoother transition in local 
average image valiies. Ttiiis reduces coibur step artefacts v^ich typically occ^ for simple tmncjation. 
35 [0059] Super inteiisity output printing, whteh as described requires 'deposition of additional ink, can cause problems 
including unwanted ink swelling, increiased paper wetting, and increased ink drying time. In order to optimise, or max- 
imise the beheifteial effect of super intensity ink deposition in the vicinity of a blocked nozzle, It is sometimes desirable 
that the frequency of super intensity ink deposition per pixel be reduced by tuning it down. 

[0060] In contrast, another problem which can be associated with the use of super Intensity output printing, is that if 
40 sufficlem super Intensity ink Is not deposited on the paper often enough, then the uhprinted line resulting f ronh a defective 
priming hozzle will be; insufriciently compensated for. it is tfius advantageous, In this case, to tune the frequency of 
super intensity ink deposition per pixel, typically increasing the frequency in this Instance. 

[0061] Fig. 14 illustrates the aspect of tuning In the context of a three level halftone error diffusion process. The 
halftoning process is represented by a graph having an ordinate 1400 representing the average number of output dots 

45 printed (ie. 0, 1 or 2 dots per particular pixel), and an abscissa 1402 representing the input image value, ie. from 0 to 
255 for super intensity output printing after checkerisoard quantisation. The relationship, or transfer function, between 
the input image value and the average three level halftone output is typically depicted by the line 1 404 which Is linear 
across the input image value range. An input image value 1416 is seen to lie between the abscissa value "128" and 
the abscissa value "255", and the input image value 1416 will thus, by a three level error diffusion process, map either 

50 to a halftone output value of "1 ", or to a halftone output value of "2". For an Input image region of constant Input Image 
value 1416, the proportion of cases in which the input image value 1416 maps to "2", equals the difference between 
the average halftone output of the input Image value 1 41 6, and the halftone output value "1 " (ie. 1 436). Tumlng to the 
lower graph In the figure. It Is seen that the line 1404 has now been tuned, ie. adjusted, to take the form of three linear 
line segments 1 41 0, 1 41 2 and 1 41 4, The input Image value 1 420 is the same as the Input Image value 1416, however. 

55 according to the tuned transfer function, for an input image region of constant Input image value 1420, the proportion 
of cases that the input image value maps to "2", being the difference between the average halftone output of the input 
image value 1 420. and the halftone output value "1 ", (ie. 1 430), has increased. The effect of tuning the transfer function, 
ie. the line 1 404, to the set of linear line segments 1410,1412 and 1 41 4, is thus to increase, on average, the utilisation 
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of superintenslty output double pixels. The line segment 1414 is tiorizontal, . clamping ail input image values lying be- 
tween "1 91 and "255" on the abscissa 1408, to an output halftoned value of "2". The specific example of tuning shown 
In Fig, 14 is representative only, and the feature of tuning a multi-level halftoned output is clearly not limited thereto, 
[0062] One method of tuning the halftoning transfer function and adjusting how often superintenslty ink deposition 
is performed, is provided by simply remapping Inlage value prior to halftoning, for example, by use of a lookup table. 
An alternative effective method of tuning the halftoning transfer function, and thereby adjusting how often superintenslty 
ink deposition Is perfomied, Is provided by performing halftoning by error diffusion with a modified en'or diffusion table. 
This method of tuning by use of a modified error diffusion table, is now described. 

[0063] Fig. 15 shows a process 1900 whereby a tuned error diffusion table is used to print a multi-level halftoned 
Image. In a first step 1902, a tuned error diffusion table is prepared^ for example using the techniques described Jn 
relation to Figs. 17 and 18. Thereafter, In a step 1904, an Input Image signal ;fbr halftoning Is input Into the process 
1900. In a following step 1906, a corresponding halftone output for the input image signal is determined from the table. 
It Is noted that this will be a "tuned" output, resulting from tfie aforementioned Btep 1902. In a foliowing step 1908, the 
process 1 900 detemnlnes whether more pixels are required to be processed. 1f there are further pixels in this category, 
then the process 1900 is directed in accordance with a yes' arrow back to the step 1904. If, on the other hand, no 
more pixels are required to be processed , then the process 1900 Is directed. In accordance with a "no" anrow to a step 
1910, at which stage the process 1900 is terminated. 

[0064] Fig. 1 6 shows, by way of background, example en^or diffusion coefficients, where the current pixel is indicated 
by an asterisk. Error diffusion halftoning is performed by repeatedly processing a current pixel, and advancing the 
cun-ent pixel, pixel by pixel, scanline by scanline. Gur^^ neighbourfefg unprocessed pixels 

shown in the dlagrahm laccordlng to the fractions shown. That is, 1 29/266 of ia current pixei-enxjr is distributed to the 
next pixel on the same scanline; and the remainder of the current pixel error is distributed to 3 pixels on the following 
scanline. Note that the sum pf the fractions adds to 1 . 

[0065] For each cun^nt pixel, a combirted pixel input value i^ deterrhin^d as th sum of the input image value, plus 
the error distributed to the currerit pixel. The conribiried pixel input valMej: is used to Index an cln-br diffusion table 1514 
^ in Fig. 17, or 1602 in Fig. 18, so as to cletermine (i) halftoned putputieg, 1502^ and (ii) error 

values eg. 1606, ..,, 151 2, to be distributed from the curr^^^ 

[0066] Figs. 17 and 18 show error diffusion tabfes 1514, 1602 for 3 feyal h^^ output suitable for use in printing 
super-intensity ink output. In the en-or diffusion taliiles16!p2, 1514^ 
equal to 256 times the fractional enx>r yetlue to beidistribiited 

coefficients of Fig. 16 and an described below. The algorithm can be used to prepare a table based on a 

chosen set of image values (eg. "0", "128", and :"255", see Fig. 14) cbrresponding to halftone output values (eg. Oi 1 , 
2, see Fig. 14), thereby tuning the halftoning transfer function as previously described in relation to Fig. 1 4. 
[0067] The error dlf^islon table of Fig. 17 lias been prepared using image values of 0; 128, 255 corresponding to 
the 3 halftone output values of 0, 1 and 2 (reprieisentlng, respectlyeityr no dots^ 1 dot, and two dots per output pixel 
position). This is equivalent to the arrangenrient depicted In graph 1424 In Fig: 14. In contrast, the error diffusion tak)le 
of Rg. 18 has been prepared using Image values of 0, 128, 191 con-esponding to the 3 halftone output values, this 
being equivalent to the arrangement depicted In the graph 1426 In Fig, 1 4. 

[0068] Because the Image value corresponding to the maximum halftone output level is reduced for the table of Fig. 
18 in relation to Fig. 17, use of the table of Fig. 18 results In greater use of the super output intensity Ink deposition. 
[0069] In both tables 1514, 1602, the halftone output 1604 Is one of 3 values, each being a pattem of bit values for 
the 2 output bits: bit oO (the least significant bit eg. 1606) and bit o1 (eg. 1608). The halftone output value 2 (bit oO ^ 
0; bit o1 = 1 ) corresponds to the super Intensity ink deposition per pixel. Those rows in the tables whteh are not shown, 
but are Indicated using a row of ellipsis (..) for example row 1 61 0. can be inferred from the preceding row and succeeding 
row of the table. Both tables include a column 1 612 for "combined pixel input", which is shown as a sum of (1) an Image 
value, and (Ii) an en-or value derived from the total error distributed to the current pixel. The table entries with table 
index value in the range 320 to 448 (le, 1516, 1614) in the tables of Figs 17 and 18 are not used. These unused table 
entries are shown blank in Figs. 17 and 18 and may be set to zero. The table entries eO, el , e2, e3 ( "errors distributed 
to neighbouring pixels" 1 61 6*1 61 8) with table index value In the range 255 to 31 9 in the table of Fig. 1 8 (ie. 1 620) have 
been detemiined using clamped pixel error values. Error clamping Is described below, as Is an algorithm for preparation 
of an error diffusion table based on a chosen set of Image values corresponding to the halftoned output levels. 
[0070] Step 1 . For each image value, v, map the Image value to the closest Image value con-esponding to a halftone 
output level, out[v]. If there is a halftone output image value above and below the image value which are equally close, 
choose the lower halftone output image value. From v and out[vl detemnine the error between them: errtv] = v-out[v]. 
Detennine the minimum and maximum of these error values: 

err_min = min ^ e o 255 and 

err_max = max v e 0.. 255 erflv]. 
[0071] Step 2. For each error augmented image value, v.aug, equal to an image value plus an error in the range 
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err_min to err_max. such that the error augmented image value is outside the range of image values, map the value 
to the closest Image value corresponding to a halftone output level, v_out[y_aug]u Again, if there is a halftone output 
image value above and below the error augmented image value which are equally close, choose the lower halftone 
output image value. From v_aug and out[v_aug] determine the error between them: err[v_aug] = v_aug - out[v_aug]. 

5 Note that when the least image value corresponding to a halftone output level is greater than 0, or when the greatest 
image value corresponding to a halftone output level is less than 255, (as is the case for the table in Fig. 1 8) errtv_augl> 
may be outside the range err^min to err_max. From erTtv_^aug], err_mln and err_max, detemilne a clamped error value... 
representing the difference between v_aug and out[v_aug] but which is In the range err.nriln to er_max. 
err_clamped[v_aug] ^ max{err_mln, nriln(err_max, errtv.aug])). 

10 [0072] Note that clamping error values ensures that during enror diffusion processing, the en^orcannot buildup without 
bound. 

[0073] Step 3. Fill In the errpr diffusion table as fpllows. Firstly zero all entries in the table. For image values, v, the 
halftone output bit. entries lariB deteiTrilned as the ha level i^rrespiDhdihg to the values out[v] and 

each, of the errors: distril3>uted td hialghbourlrig pixels is determined by mutUplylhg errtvj by the appropriate error distrl- 
15 butiona>efficlent;eg.Fig. 16;Forenrpraugm ■ 
output bit entrles are determined as the halftone output level cbn-espondlng to the error augmented image value, out 
[v_aug] and eiach of the en^rs distn^ by 
the appropriate error distribution coefficient 

[0074] Up to this point the description has considered the case of a single blocked nozzle^, having fully functional 
20 nozzles adjaceht.thereto. Furthermore, the defective nozzle has thus far been considered to ^ completely blocked, 
andthecaseof apartialiyfunctionihgnpu^ addr^ed. Where there are two adjacent defective no 

cbhnpensatlon by means of elthbr restricted, or full image value redistribution; as described by the previous C code, 
can result in the residual image valuiB of the first defective nozzle being non-zero, even aiftei^ compensation. This is 
because the image value of the first defective nozzle which remains after redistribution to the preceding nozzle cannot 
25 ' be redistributed to this succeeding second defective nozzle. In prder to ensure that the Image redistribution method. 
* provides a consistent result, the residual Image value of a defective nozzle can be set to zero after defective nozzle, 
compensation has been perfoniried: This IS^^^^ relevant when the defective nozzle |s not, in fact, blocked but 

rather partial V functional, producing a random type of output Thus, for example, such a defective nozzle can sometimes 
eject a relatively large ink droplet, and atother times can eject a reladvety srnall ink droplet, both for the same Input. 
30 . firing value. Setting the Image value of such a defective nozzle tp zero after Image value rediistribution has b^eh per- 
formed ensur^ that any pbssibfe residual vailue renialning associated with the deifectlve n not cause the 
noizle to -f Ire^i V • 

[0075] The description thuis far has considered image value redistribution to Immediately neighbouring nozzles, this 
being the most sirnpie exampie.to describe; In this type of cpmpensatiori, surplus ink is deposited by the immediately 

35 neighbouring nozzles in order to cbmpensfate for the deftelt, or lack of ink deposited by the defective nozzle. A more 
complex redistributlori scheme Involving^ for example^ first and second neighbouring pixels of a blocked npzzje can 
also be considered, where the expected benefits of such a scheme can justify the Increase In complexity. Altemiatively, 
use of head shading data prepared from printout generated by using defective nozzle compensation by -image value 
redistribution to first neighbour nozzles can providie some compensation for the surplus local average Ink deposition 

40 Introduced for second heigihbour noizles. 

[0076] Defective nozzle compensation by Image value redlstributipn has thus far been described on the assumption 
that defective nozzle data consists of a 1 bit value for each nozzle, indicating a fully operational state, or alternatively, 
a fully defective state. Unwanted print artefacts can, in some cases, be further reduced by extending the defective 
nozzle data description to more than a binary description. In such an eyent, the degree to which image value:is redis- 

45 tributed away from a defective nozzle can be controlled €uxx)rding to the finer granularity of the provided defectwe 
nozzle data. 

[0077] The aforementioned description has been directed to defective nozzle compensation by image value redis- 
tribution in respect of fixed print head systems. Cleariy, this can also be applied to shuttlehead print systems and the 
like. In respect of shuttlehead print systems, defective nozzle compensation by image value redistribution is particularly 
50 effective when the shuttle printer Is performing "one pass" printing, since in that case dots of a colour component of a 
scanllne are printed by only a single nozzle. 

[0078] The method of compensating for a defective printer ink nozzle can be practiced using a conventional general- 
purpose computer system 1 700, such as that shown in Fig. 1 9 wherein the processes of, for example, Figs. 4, 10 and 
13 can be implemented as software executing within the computer system 1700. In particular, the steps of the method 
55 of compensating for a defective printer ink nozzle are effected by Instructions In the software that are carried out by 
the computer. The software can be divided into two separate parts, one part for carrying out the compensating for a 
defective printer ink nozzle, and another part to manage the user interface between the latter and the user. The software 
can be stored In a computer readable medium, including the storage devices described below, for example. The soft- 
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ware is loaded Into the computer from the computer readable medium, and then executed by the computer. A computer 
readable medium having such software or computer program recorded on it is a computer program product. The use 
of the computer program product in the computer effects an advantageous apparatus for compensating for defective 
print nozzles In accordance with the arrangements of the Invention. 

5 [0079] The computer system 1 700 comprises a computer module 1701 , input devices sucfh as a keyboard 1 702 and 
. mouse 1703, output devices including a printer 1715 ahd adisplay device 1714. A Modulator-Dempdulator (Modem) 
transceiver device 1716 is used by the computer module 1701 for communicating to and from a communications 
networi< 1 720, for example connectabie via a telephone line 1 721 or other functional medium. The modem 1 71 6 can 
be used to obtain access to the internet, and other network systems, such as a Local Area Network (LAN) or a Wide 

10 Area Network (WAN). 

[0080] The computer module 1701 typically Includes at least one processor unit 1705, a memory unit 1706, for 
example formed from semiconductor random access niem6ry.(RAM) and i'ead only memory (ROM), input/output (I/O) 
Interfaces including a video Interface 1707, and an I/O Interface 1713 for the keyboard 1702 and mouse 1703 and 
optionally a joystick (not illustrated), and an interface 1708 for the modem 1716. A storage device 1709 is provided 

15 and typically includes a hard disk drive 1 710 and a floppy disk drive 1 711 . A magnetic tape drive (not illustrated) can 
also be used. A CD-ROM drive 1712 is typically provided as a non-voiatile source of data. The components 1705 to 
1713 of the computer module 1 701 , typically communicate via an interconnected bus 1704 and in a manner which 
results In a conventional mode of operation of the computer system 1 700 known to those in the relevant art. Examples 
of computers on whteh the embodiments can be practised include IBM-PC's and compatibles, Sun Sparcstations or 

20 alike computer systems evolved therefrohn. ■ 

[0081] Typicaiiy, the program of the preferred embodiment is resident on the hard disk drive 1710 and read and 
controlled in its execution by the processor 1705. Intermediate storage of the program and any data fetched from the 
network 1 720 can be accomplished using the semiconcjMP^r nriernpry 1706,: possibiy in concert with the hard d 
1710^ In some instances, the program can be supplied to the user enc^^ read via 

25 ■ the corresponding drive 1712 or 1711, or aitematiyeiy can be read by the user from the network 1720 via the modem 
• device 1 716. Still further, the software can also be loaded into the computersystem 1 70p f rom other cbrnputer readable 
medium including magnetic tape, a ROM dr lntegratedicircutt^ 

channel between the computer module 1701 and anbth(^rdievlce,: a com card such; as 

and the Internet and intranets including email tnansniissibhs and Ihfbrmatlon recorded: on websjtesi and the like. The 
30 foregoing is merely exemplary of relevant computer readable niediums. Other com reada^ie med|tims can be 
practiced without departing from the scope and^^^ 

[0082] Fig. 20 depicts a block diagram representation 2000 of ari apparatus for redistribution of image values from 
a defective nozzle to neighbouring non-defective nozzles. The apparatus 2000 has a number of image forrning elements 
2002, In respect of which, relative desirability data is stored, as depcted by a dashed line 2004, in a memory 2006. 
35 Input image values, depicted by an arrow 2012 are input into a processor 2008, as well as desirBbility data from the 
memory 2006. The processpr 2608consequentiy outputs biased image recording signa^^ data, as depictedby an arrow 
201 0, to the fomriing elements 2002, which thereby fpttn the desired^l^^ 

[0083] The method of compensating for a defective printer Ink nozzle can alternatively be Implemented in dedicated 
hardware such as one or more integrated circuits perfomnlng the functions or sub functions of corhpensating for a 
40 defective printer ink nozzle. Such dedicated hardware can include graphic processors, digital signal processors, or 
one or more mk^roprocessors and associated nrtemorii^ 

Industrial Applicability 

45 [0084] It is apparent from the above, that the embodiments of the invention are applicable to the digital image printing 
industry. Image value redistribution provides an effective and computationally simple method of compensating for de- 
fective nozzles. Furthenmore, this can be combined with existing unevenness correction methods. Restricted image 
value redistribution can be combined with cross-colour compensation for improved defective nozzle compensation. 
Full image value redistribution and super output intensity printing can be combined with checkerboard quantisation for 

so ease of Implementation, and can be used with modified en'or diffusion tables, in order to calibrate how often the super 
output intensity ink deposition per pixel is used. 

[0085] The foregoing describes only some embodiments of the present Invention, and modifications and/or changes 
can be made thereto without departing from the scope and spirit of the invention, the embodiments being illustrative 
and not restrictive. 
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Claims. 

1 . A methbdi jn pnh^^^ ah image, of conhpen^ for one or moro: defective-printer-nozzles: m a- plurality/6f printer 

h6zzles>: siaid:^^ 

biastnip, fpii^^^^^^^ first Image value associated with afirst nozzje, at least p ^ 
. :y0\. ^(i^^ipir f]^^ siEAdiblasin^ tdr saidif irst nozzle; 

■ \"^d^r-v'F ■ '■ • • y?" '■■ ■• '-. : •■■ ■ ■ • • •■ •; y.;-^V:'.- •■ .." ■ • * • • 

.printinjgi the^^^^ artefacts otherwise 

to "\ :ckuseii li^ 

2. A method according tp claim i , whereby the term for said first nozzle provides ja rneasurerof one of effectiveness 

: andidefei^^ . 7 ■ ^ 

15 5/ . A-methodfj^^ 

V redistrtbtitihig ione^;^^ of said firet image; value and all of said flret lmag0 value tb onie:<^;itior& image values 
ai^bciated 

4, , A meifepd i^^ whereby an ejrtent ot 

?9 . ppereitirtg ira 

Si. ■ A riliStliQd;^^^ and.. . 

25 ' 6. A method; a^ whereby is^^ arid 

. 200%, Wh^r^^ -3? 

intensity for biased Ima^Q values. 

t-..:/t.finiethQd:i 
so : / ^ : Incre^i^lin^^^ 

8. A nriethod according to claim 1vw 

.. • redistfibuti^^^^ part of; said first irnage^ v^ ^irst 
35 ripzz!#t6pheprrfior«irn and . 

. IncreBsihg ah im^iget Value Associated with a cprrespbfidtng nbzzlei: of another colour, said ihcf'eiase being 
' deperideht upon a residual irnage value of said first nozzle after salid redistiibiitibh step. 

9. A rlnethod accbrding.to claim 6 cbrifiprisihg, prior to printing 

40 mapjpihg the biasbdimage values from ia blased iiriageValue range of 0% to 200%, to a . 

10. A hiethod iaccbrding.to craim.9; whereby said nriapping use^ ch^keii>oahj. quantisatibn, said iriethdd cbttiprisln^^^^ 
^' the-slepsi:.of:-.'; 

'45 dividing said b^^^^^ 

. alternately^ 

11. A rhethbd according to clalrn 6 /comprising/pribrto^p^ . 

halftoning the biased Image^lues. ' 

50 ■ '' ■'■ 7 ■ ■'" 

1 2. A method according to claim 1 l . whereby, In a multi-level halftoning process, a relatloriship between an Input Image 
value and a corresponding average halftone output value is adjusted In order to'tiine a utilisation of super-Intensify 
printing. 

55 13. A method of printing a multi-level halftoned image comprising the steps of: 

adjusting a relationship between input image values and corresponding average halftone output values using 
an error diffusion table. 
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14. An image recording apparatus pompiisjrig ' 

(a) a plurality of forrniiig elements for fonrilr^g an ifnage:;^a^ ■ 

(b) memory means for stprinig idg^^ 

f onnlnsi elemient^ tor f onriing an ; imag!^; : : 

(c) irifiage processing rneans for conriputingi im^ge inptit .iniage forming: sig 
and said data:Storad jr)iSaidim useiol-a fcM^ 

desirability; data of otb^r f 6 

1 5. An image recording; apparatus^ 

(a) a plurality of fomiing elements for fomning an [mage using Ime^e recording signals, said image apcording 
with a corresponding plurality of Input Image forrnliig signals; 
" (bVmeninoiV^ini^ahs'f^ 
forming elements for forming the image; and 

(c) Image processing means for computing said image recording signals using sakJ input image forming signals 
and said data stored in said memory means, wherein the use of a particular fomiing ^enrient is thereby biased 
dependent upon the relative desirability data of other fonriing eioments, tiie corresponding.Jnput Im^^^^ 
signal for the particular forming element, and a term for the paiticular forming «iemenj. 

16. An image recording apparatus comprising: 

(a) a plurality of forming elements for forming m image according to input image fonnitig signals; 

(b) memory means for storing data for said fbmilng elements indicating the relative desirability of utilising said 
fomiing elements for forming an image; 

(c) image signal modification means for redistributing values of said input image forming signal based on said 
. data stdr^.in said. meWic^Jp^ use of said forming elements. 

17. Ah Image recording apparatus comprising: 

(a) a plurality of fprmihg elementS:fi^^ image ^QQording^ 

(b) memory means for storing daWfor said foFmIng eiementei: iniiiii^ting.the 
fonning elements for forming an image; 

(c) image signal modification means for redistributing values of siald input image forming signals based on 
said data stored in saijd memory meansso as to bias the use of said fo^^ 

particular one of said forming elements is th^reliy biased deipende 
forrhlng elements, a cbn^spbnding input image ^ 
for the particular fonning element; 

18. An image recording apparatus according to ctaim 1.6 where: 

said image signal modification means for redistributing values of said input image forming;.slgf^(ii$:!d^^ not 
extend the range of said values, 

19. An ImageTedortlrtgiS^ 

said appar^iiis is colour lmajg[e recording ^^^^ ... 
groups of fomiing elements i^spectively corresponding to colour coniporientsv^x 

20. An image i^prding apparatus a^ 

said image processing means includes means for modifying t^ image fprrrtlng signals relating tp 

colour component based oh said input lmkge fpmiing slgnals and based ^ indicating the reilatiye dM^^ 

ability, of utilising said fprirriing element?; relat.irtgito^p^ 

21. An Image recording apparatus according to claim 1 6 where: 

said apparatus Is a colour Image recording appairatus, said plurality of forming elements including plural 
groups of fomiing elements respectively corresponding to colour components. 

22. An image recording apparatus according to claim 21 further comprising: image processing means for modifying 
said redistributed input image forming signals relating to a colour component based on said redistributed input 
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image forming signajs and based on said data Indicating the relative deslrabillty of utilising said forming elements 
reflating to other colour components. 

. 23. An ima^je Te^ 

5 ' . " '.' "' ■ _ ;.■ ' ■• " . . . ■• " j. . - . 

. .. said fdr^^^^ "supeiT derisrty tyeingigr^^ than any density recorded by 
sai&:f6rmir1g|:6 

; ='means;; airtda^^^^^^^^^^ " j ;-. •"• /v.l:'^::^'.i.' . ■ - ■ " 

said jfTikge: sign^ of llljiiaslhg elemisnts to record said 

io r . ■ sup«^ideii^|6^ ..V*v"' ■- •^ :; /-/^-Y- J-:' 

2Ww: /tri image; re^ 

redistribution of yaluiSs of saidlnp^ Imag^ range of said values. 

. w. iaSi An image recording apparatus according to claim 24 fijrther comprising: 

iiti^gi^: p]^i^^ that the rjange of said 

- . . . ;y values^ isvr^ci^ 

. jgi? siald llm^ Imaige foifilniiri^^ rarig^ existing prior to said 

redisthbifti with; differing constant input 

irtlagesi^aivailue: ; . 

SffVAh image recbrdihga^ 

25 ' said Image processing means map redistributed irnage forming signals to. the range existing prior to said^. 

redistribution by- substantially dividing irtiage values by 2 and aft^mitefy rou^ and' roundlrig down. 

28. An image recording apparatus accordlng.to any: Of clalnis 2^^^^ 

halftpnirig rtieans which generate recording: element isigri^ of super 

30 density record ing by recording el bnrie is adju sted according to halftoriihg par^ ; 

' is. An imag6.:^d^ 
said>:liiia|Son 
quencyofq^ 
35 djimjslph^kble^^ 

.30; Ah innage report 

irnage si iginal forcing mieani w 
prevent recording; said selected forming elements being determihed by said the relative desirability 

40 . ■ . -of utilising ifpntjing ele^ 

31 . An Image recording ^apparatus accordlriig to claims 1 6 to 3011 urtHier & 

(a) memory rhearis for said forming elements based on non^unifonmlty df thfe density of a recorded test Image; 
45 and 

(b) correction means for corriecting said redistributed Input image forming signals based on said data stored 
in said mernory m^ans. 

32. An Image recording apparatus according to claims 14 16.31 wherein: 

so eachof said fomilngelenrients Is afomiing element for ejecting aliqulddropbyfllm-bolling dueto headenergy. 
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